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Abstract 
Pakistan is classified as one of the most water-stressed countries in the 

world because depletion and degradation of underground water in this 

country is very high. This study was aimed to explore the impact of tube 

well irrigation on underground water, soil quality and crop yields. A 

total number of 60 farmer respondents were randomly selected from 4 

districts of Sindh. All respondents were male respondents. Data were 

collected from the respondents by a well-structured and pre tested 

questionnaire. The questionnaire was designed to obtain information 

on socioeconomic status of respondents, cost of installation of tube 

wells, depth of tube wells and farmers perceptions regarding the effect 

of tube well irrigation on soils quality and crop yields. The data 

indicates that due to shortage of canal water more than 23 percent 

farmers were fully dependent on underground water while majority of 

farmers (77 percent) of study area were using both canal water and 

tube well water for irrigation. Due high use of tube well water for 

irrigation farmers are facing issues of high cost of production, loss of 

soil and water quality and loss of yields. 

 

Keywords: Tube well, underground water, Sindh, soil and water quality, cost of 

installation  
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I. Introduction 
 Water is essential for life and major part of earth but only 2.5 percent of this water 

is fresh. About 99 percent of all fresh water is available in underground aquifers (UNEP, 

2002). More than a quarter of population of world draws water from these underground 

aquifers. In Pakistan agriculture is largest sector of country and has a significant 

contribution Agriculture (20.9 percent) in gross domestic production of country. (GOP, 

2014-2015). This important sector that provides livelihood to 43.5 percent of rural 

population heavily depends on underground water. Most parts of country are arid and 

semiarid and contributions of direct rainfall decreases to 15 percent of total crop demand 

therefore for agriculture irrigated farming has become remunerative and economical. 

Irrigated lands provide 90 percent of agricultural production and are main user of 

underground water resources. The underground water resources of country are limited 

and the potential to increase water supplies is finite. In addition to that siltation and other 

many causes also lead to high reduction in underground water supplies. In Pakistan 75 

percent of agricultural land is mainly dependent on groundwater for irrigation. 

Availability of subsidized electricity and locally made diesel engines for tube wells has 

dramatically increased number of private tube wells in the country. Currently in Pakistan 

more than 0.8 million private tube wells are working and 90% of these tube wells are 

used for agriculture (Qureshi et al. 2008).  

  

 Pakistan is classified as one of the most water-stressed countries in the world 

because depletion and degradation of underground water in this country is very high. 

United Nations has mentioned that major threats that Pakistan is facing regarding water 

are high level of scarcity of water, deteriorated water quality, over extraction of 

underground water and climate change risk. Asian Development Bank and World Bank 

has placed Pakistan in the red zone in which those countries are placed which are water 

stressed countries and are likely to face  acute shortage of water over the next five years. 

In 1947 per capita availability of water in Pakistan was 5650 cubic meters while in 2013 

it decreases to 990 cubic meters (GoP, 2014; Lalzad, 2007). If this downward trend exists 

it will lead to reduced groundwater table and is expected that by 2020 per capita 

availability of ground water may reduced to 800 cubic meters (Innovateus, 2014; 

Waterinfo, 2013; Kahlown, et al., 2002). In Pakistan annual rainfall occurs from June to 

September. Average rain fall varies with region to region such as average rainfall in 

southeast part of country; Baluchistan is 125 mm while in northwestern part of country 

annual rainfall is 750 mm. In Pakistan in recent decades rainfall trend has become 

unpredictable because it is neither sufficient nor regular. In Sindh province of Pakistan 

rainfall mostly occurs in July to August. During recent years its intensity is decreasing in 

Sindh. As compared to past very low rainfall (152 mm) is witnessed in most northern 

areas of Sindh (Akram & Majeed, 2002). In Pakistan this extreme pressure on water 

resources is due to dependence on rain water, climate change impacts and depletion and 

over use of underground water. Due to ill planning and mismanaging the highly valuable 

but easily accessible and cheaper source of water is in high danger and depletion of 

underground is continuous at alarming level and caused bacterial contamination.   

 

 In Sindh province of Pakistan reduction in fresh surface canal water supply, 

increases demand of freshwater and competition among municipal, industrial and 

agriculture sector. This intensifies water crises in the province. In Sindh due to high 

pressure on food supply side and inability canal irrigation systems to fulfill irrigation 
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requirements, majority of farmers depend on groundwater as sole or additional source of 

irrigation and tube well irrigation become important characteristic of agriculture economy 

of Sindh. Tube well installation was adopted in 1960s; initially in Punjab and then it 

rooted in other provinces of Pakistan as well. To access the benefits of green revolution 

tube wells derived farmers appeal and were installed on large scales (Gaur, et al. 2008; 

Qureshi et al. 2003).  

 

 In lower parts of Sindh number of tube wells was increased during 2000 to 2010. 

In Sindh number of private diesel tube wells has increased up to 80000 in 2012-2013 

(Figure-1), while private and public electric tube wells are also increasing at significant 

level. In Sindh in 2012-2013 number of private and public electric tube wells were 

increased up to 60000 (Figure-2). More than 12.5 percent of farmers of this province 

have joint and 87.5 percent farmers have exclusive ownership. The average year of life of 

a tube well is ranged from 10 to 35 years and depth of tube well varies from 25 to 105 

meters. The data depicts that 45 percent of farmers decide the depth and diameter of pipe, 

by their own and 33 percent farmers decide parameters of installation of tube wells as 

advised by the mechanics (Munir et al., 2015). 

 

 As water table decrease cost of tube well installation increases. In Pakistan the 

areas where depth of installation of tube wells is 6 meters the cost of installing tube wells  

is 7 times less than the areas where depth of tube well installation is 24 meters. The 

annual estimated fuel consumption of diesel tube wells in Pakistan is more than 950 

litters (which costs Rs. 16 billion) while annual power consumed by electric tube wells is 

1.02 billon kilo watt-hours which worth Rs. 2.6 billon annually.  Annual total cost of 

operating private tube wells is more than Rs. 18.6 billion. In Pakistan it is difficult to 

manage underground water because of very high number of the small scale surface water 

users. Private tube wells with small capacity are responsible for exploitation of more than 

80 percent of surface water. These small scale farmers are not properly registered and 

there is no complete information of depth of all tube wells in Pakistan. The available 

information regarding surface water quality, quantity and quantity of water extracted is 

not sufficient or not existing therefore this lack of information make it very difficult to 

manage underground water. 

 

Figure 1: Number of Diesel tube wells installed in Sindh 

 
Source: Agricultural Statistics of Pakistan, 2012-13 
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Figure 2: Number of Electric (Public & Private) Tube wells installed in Sindh 

 
Source: Agricultural Statistics of Pakistan, 2012-13 
 

 Farmers use 12 to 25 horse power diesel engines or 2 to 25 horse power electrical 

motor mounted tube wells and also operated with 50 to 85 horse power tractors. Tube 

well installation is very less efficient with reference to energy efficiency because due to 

mismatch of horsepower used and depth of bore high energy wastage occurs. In Sindh 

province of Pakistan farmers are mostly poor and have less capital to invest in farming 

inputs especially in heavy and expensive inputs like tube wells therefore they use less 

efficient pumps in their tube and as result there are high energy losses. In Pakistan’s 

underground water economy diesel based tube well constitute 87 percent of total tube 

wells in this country therefore improvements in these locally made tube wells can be very 

helpful to save both operational costs and energy losses an (Qureshi et al. 2003). 
 

 As there are no legislations regarding depth and installation of tube wells and 

prescribed number of tube wells by the government of Pakistan therefore tube well 

installation is rapidly increasing without any check and balances and is causing 

groundwater depletion at high rate. Due to these reasons in Punjab province, 23% of the 

area has poor groundwater quality, while it is 78% in Sindh province (Haider, 2000). 
 

 Groundwater deterioration is primarily caused by sustained groundwater pumping 

and increasing depth of tube well installation. There is no research study in Sindh 

province of Pakistan that highlights the impacts of tube well on soil and water quality. 

Therefore there was dire need of conducting research on this issue. This research will fill 

the gap of information regarding impact of tube well installation on underground water. 

This study is based on perceptions of farmers reading the effect of tube wells on water 

and soil quality, sell value of land and crop yields. 
 

 Specific objectives of the study are as under: 

 To explore the status of canal and tube well irrigation  in Sindh 

 To estimate the cost of installation of tube wells in study area 

 To investigate the impact of tube well irrigation on quality of soil , water and crop 

yields 

 To assess change in farming decisions after effects of tube well irrigation on 

agriculture  
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II. Methodology 
 Both primary and secondary data were collected to accomplish the objectives of 

the study. A total number of 60 farmer respondents were randomly selected from four 

districts (Matiari, Badin, Tando Allahyar and Mirpurkhas) of Sindh province of Pakistan. 

From each district three villages were randomly selected and from each village five 

households were interviewed. All respondents were male respondents. Data were 

collected from the respondents by a well-structured and pre tested questionnaire. The 

questionnaire was designed to obtain information on socioeconomic status of 

respondents, cost and depth of installation of tube wells and farmers perceptions 

regarding the effect of tube well irrigation on soil and water quality, crop yields and 

impact on behavior for farming decisions after effects of tube well irrigation on 

agriculture.  

 

III. Results 
 Education plays a very important role for the uplift particularly in agriculture 

sector because education helps farmers to take various decisions regarding input choices 

and farming activities such as choice to use canal water or install tube well for irrigation. 

Studying underground water situation in the sampled area data revealed in Table.1 that 

majority of the farmers (43.8 percent) having tube wells received education up to 5 years 

while 4.2 percent farmers were found illiterate. The education level up to secondary and 

higher secondary among growers remained 14.6 and 10.4 percent, respectively. It was 

also encouraging to know that 14.6 percent of farmers were graduates and 12.5 percent 

were post graduated. While average land holding of sample respondents were 38.8 acres 

of land (with maximum land holding 250 and minimum 4 acres).    

 

Table 1: Socio-economic status of sampled farmers 

 

 It was observed in the data that there was shortage of canal irrigation in study area. 

Data in Figure-1 depicts that 23 percent farmers were fully dependent on underground 

water while majority of farmers (77 percent) in study were using both canal water and 

tube well water for irrigation and when these 77 percent of farmers were asked that how 

much time they allocate for canal water and tube well water. These 77 percent 

respondents informed that 36.75 percent of time was allocated for canal water and 63.25 

percent of total time was allocated for tube well irrigation time. This data shows that even 

when farmers are using irrigation water in combination of both canal and tube well water, 

contribution of tube well water is high as compared to canal water. This depicts high use 

of tube well water in study area. 

Education level Percentage of sample respondents 

Illiterate 4.2 

Primary 43.8 

Secondary 14.6 

Higher Secondary 10.4 

Graduation 14.5 

Post Graduate 12.5 

Land Status land holding (Acres) Cultivated (Acres) 

Minimum 4 2 

Maximum 250 200 

Mean 38.8 32.9 
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Figure 3: Use of canal and tube well water 

      

 

Figure 4: Use of both canal and tube well water  

 
 

 Data in Table-2 depicts high cost of tube well installation because on average Rs. 

300,000 was borne by the farmers of the study area as tube well installation cost. The cost 

may vary with the distance between tube well installations points to the piece of land to 

be cultivated. It was also observed that in search of sweet water aquifers farmers are 

compelled to install tube wells at some distance from cultivated piece of land and bear 

additional costs. Cost of tube well is not limited to its installation but famers also reported 

higher maintenance cost in order to keep tube wells in working condition. As shown in 

Table 2, mean annual tube well maintenance cost was calculated at Rs. 25187. Two 

different kind of tube wells were found in the area, electricity-run tube wells and diesel 

oil- run tube wells. Famers reported that on average they bear monthly diesel-oil cost of 

Rs. 1764 per acre while electricity-run tube well farmers borne on average cost of Rs. 

1209 per acre. Repair and maintenance cost of diesel tube well comprises of purchasing 

engine oil, repair of pulley and belts, lubrication of engine, and mechanical repair. In 

electric tube wells, the common and important issue is failure of motor due to fluctuation 

of electricity. In Pakistan owners of tube well use their tube wells continuously for long 
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durations without precautionary measures because no technical guidance is available for 

farmers regarding efficient use of energy.  

 

Table 2: Cost installation and maintenance of tube well in study area 
Maintenance activities Mean cost (Rs.) 

Tube well installation cost  incurred by the growers 300,000 

Tube well maintenance cost/year 25187 

Tube well Cost/month/acre (Diesel oil-run) 1764 

Tube well  Cost/month/acre (Electric power-run) 1209 

 

 Majority (62.50 percent) farmers reported that 10 years ago the quality of 

underground water was good while 37.50 percent farmers observed it as average, whereas 

no one reported water quality as poor. When they were asked to mark underground water 

quality standards 5 years back, majority growers (54.2 percent) reported that it was of 

average quality. While 33.30 percent of farmers observed that quality was good and 

12.50 percent farmers mentioned water is of poor quality (Figure-5). When farmers were 

asked about current situation of quality of underground water majority of respondents 

(66.70 percent) reported that quality of water is poor while 16.70 percent marked water 

quality is good. It is pertinent to mention here that the 10 years ago no one found poor 

quality underground water in the study area and today 66.70 percent reported it poor. 

This situation is posing serious threat to quality of water and soils of the study area which 

were once rich fertile.  

 

Figure 5: Perceptions of farmers regarding quality of groundwater   

 
 

 Farmers were also inquired about any the impacts of tube well irrigation on quality 

of soils and yields. Data of Table 3 shows that 100 percent respondents observed that 

with the passage of time quality of their soils degraded. When they were asked about 

causes of soil quality deterioration, 78 percent of respondents inform that their soil 

quality is deteriorated due to use of tube well water for irrigation while 22 percent 

respondents inform that their soils are affected due to scarcity of canal water. Because 

they feel that availability of canal water can enhance recharging and enhanced recharge 

can lead to improved quality of water and soils. Majority of the farmers 79 percent 

complained that the use of underground water through tube wells is causing salinity in the 

area and 8.30 percent farmers reported soil became hard due to high use of underground 
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water while 12.70 percent respondent growers gave mixed response of tube well 

irrigation and they told that their soils became both hard and saline due to use of tube 

well water. When they were asked about any negative impacts of underground water on 

yield, surprisingly, 100 percent farmers response was ‘yes’. Referring to per acre yield 

losses due to groundwater use 75 percent respondents informed that on average they face 

30 percent yield losses per acre due to application of poor quality tube well water and 

saline soils. Due to these significant yield losses farmers were complaining that their cost 

of production is increased. They have to incur high cost of maintenance of their land 

those are affected due to poor quality irrigation water. These results also reveal that in 

study area due land degradation per acre prices of degraded soils reduced up to 35 

percent and therefore 40 percent of farmers are thinking to change the agriculture 

profession and adopt another business to earn their livelihoods. 

 

Table 3:  Farmers observations about effect of over extraction of underground 

water by tube wells on soils, crop yields and underground water 

Farmers perceptions/ observation Response 
Percentage of 
respondents 

With the passage of time quality of 
soils deteriorated or not 

Yes 100 

Causes of soil quality deterioration 
Scarcity of canal water 22 

Tube well water use 78 

Impact of use of  tube well irrigation 
water on soils 

soil become hard 8.30 

soil become saline 79.00 

soil become both hard 
and saline 

12.70 

Impact on cost of land management Increased 82 

Use of  tube well water has adverse 
impacts on crop yield 

100 percent 
respondents said yes 

100 

Average per acre yield loss due to 
tube well irrigation 

30 percent yield loss 75 

Decrease in the value of land / acre 35 percent 100 

Change in the behavior of farmers to 
switch from farming due to facing loss 

due to use of tube well 
 

40 

 

IV. Conclusion 
 Pakistan is classified as one of the most water-stressed countries in the world 

because depletion and degradation of underground water in this country is very high. 

Asian Development Bank and World Bank has placed Pakistan in the red zone in which 

those countries are placed which are water stressed countries and are likely to face  acute 

shortage of water over the next five years. In Sindh province, 78 percent of the area has 

poor groundwater quality. This study was aimed to explore the impact of tube well 

irrigation on underground water and soil quality.   

 

 It was observed in the study area that due to shortage of canal water more than 23 

percent farmers were fully dependent on underground water while majority of farmers 

(77 percent) in study area were using both canal water and tube well water for irrigation 

but they respond that time for the use of underground water was high (63.25 percent 

time) as compared to canal water due to less availability of canal water. This depicts high 
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use of tube well water in study area. Due to shortage of canal water farmers are 

compelled to depend on tube well water for irrigation due to which not only cost of 

production of their crops increases but quality of soils also deteriorated, this leads to 

reduction in price of land per acre therefore 40 percent farmers were thinking to change 

the profession from agriculture to another profession for their livelihood.  

 

 High cost of tube well installation i.e. on average Rs. 300,000 was borne by the 

sample respondent farmers in the study area. Higher energy costs paid by the farmers 

using underground water, rapidly decreasing underground water table and salinity are the 

biggest threats to sustainability of underground water irrigation in Pakistan. 

 

 Majority (62.50 percent) farmers reported that 10 years ago the quality of 

underground water was good while in current situation majority of respondent 66.70 

percent reported of underground water quality it as average and 22.8 percent farmers 

reported it poor quality. In this study when farmers were also asked about any negative 

impacts of underground water on yields of their crops, 100 percent farmers response was 

‘yes’. More than 75 percent respondents inform that they face 30 percent per acre yield 

losses due to groundwater deterioration and due to these significant yield losses farmers 

were complaining that their cost of production is also increased. A study conducted by 

Qureshi et al. (2003) also supported result of this study as they mention in their study that 

the farmers who are using good quality surface water; they are getting significantly 

higher yields of crops as compared to those farmers who do not have access to good 

quality surface water. Annual production of rice, cotton and wheat received by farmers 

who were using good quality water was 68, 75 and 41 percent higher than average 

national yields, respectively. 

 

 Irrigated lands provide 90 percent of agricultural production and are main user of 

underground water resources. The underground water resources of country are limited 

and the potential to increase water supplies is finite. In addition to that siltation and other 

many causes also lead to high reduction in underground water supplies. To meet the 

difference between underground water supplies and water requirements of crop it is 

essential to increase efficiency of underground water through adopting new strategies and 

control on underground water deteriorating activities because surface water has become 

very important for rural areas and is playing a very significant and effective role in 

prosperity and development of agriculture sector in Pakistan. 

 

 As there are no legislations regarding depth and installation of tube wells and 

prescribed number of tube wells by the government of Pakistan therefore tube well 

installation is rapidly increasing without any check and balances and is causing 

groundwater depletion at high rate. Therefore it is suggested that tube well installation is 

good for sustainability of production of crops but there should be legislation regarding 

the proper number of tube wells per district and depth of installation should be prescribed 

so that over extraction could be managed and proper use of underground water can be 

ensured. Required amount of canal and riverian should also be ensured till end or tail 

areas so that pressure on underground water and degradation of land can be reduced. 

Efficient irrigation technologies should be provided to the farmers so that they can use 

available water efficiently. In addition to that a research institute or research center 
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should also be established for monitoring evaluation and efficient use of underground 

water.  
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